Introduction
Studies ofewes actively immunized against androstenedione have shown that there are increases in follicular development, ovulation rate and lamb crops (Scaramuzzi, Davidson & Van Look, 1977; Van Look, Clarke, Davidson & Scaramuzzi, 1978; Scaramuzzi, Baird, Clarke, Martensz & Van lambing rates after immunization of sheep against oestrogens have been reported (Smith et ai, 1981 ; Land, Morris, Baxter, Fordyce & Forster, 1982) . Since active or passive immunization with steroid hormones is now being considered for practical applications, the objectives of this study were to document the reproductive effects of active immunization of beef cattle against androstenedione and oestradiol-17ß (oestradiol) in relation to ovulation rates, conception rate, blood steroid hormones and ovarian morphology.
Materials and Methods
Immunization procedure. (Scatchard, 1949) as modified by Chamness & McGuire (1975) . Cross-reactivity (tested as described by Abraham, 1974) of the pooled antisera was tested against various steroids purchased from Steraloids Inc. Moxoestriol [l,3,5(10)-oestratrien-17a-ethinyl-llß-methoxy-3,17-diol] chromatography (Wise, Caton, Thatcher, Barron & Fields, 1982a) which separated progesterone from androstenedione and the total oestrogens were washed from the column (0-5 14 cm, cyclohexane : benzene : methanol, 90:10:5, by vol.). The assays for progesterone and androstenedione were modified from those described by Wise et ai (1982a) and Wise, Caton, Thatcher, Leher & Fields (1982b) . The progesterone antiserum was rabbit anti-progesterone-1 la-bovine serum albumin and the androstenedione antiserum was rabbit anti-androstenedione-7a-BSA (Miles Yeda Ltd, Rehovot, Israel). The assay for total oestrogens was modified from that of Ford, Christenson & Ford (1982) in that oestrone and oestradiol were pooled for assay purposes after Sephadex 
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The assay variation and accuracy for progesterone, androstenedione and oestradiol were determined from 10 ovariectomized plasma samples (5 ml) spiked with progesterone (1000 pg/ml), androstenedione (500 pg/ml) and oestradiol (5-0 pg/ml) that were extracted, chromatographed and assayed with the serum samples from the study. Mean ± s.e.m. values measured for progesterone, androstenedione and oestradiol were 1034 ± 51-4, 55-5 ± 2-4 and 5-5 ± 0-22 pg/ml, respectively. Statistical procedures. Analysis of ovulation and pregnancy rates between treatments was by a two-way 2 analysis (treatment versus ovulation rate). Other reproductive characteristics were assessed by analysis of variance to determine the effects of treatment (immunized and nonimmunized), pregnancy and the interaction of these variables. Differences between two means were determined by Student's t test.
Results

Characterization of the antiserum
The androstenedione antiserum (Group III) bound 2-38 ± 0-02%, 17-04 ± 0-03% and 15-78 ± 0-03% (mean + s.e.m.) on the first, second and final sampling (at the first booster, second booster and slaughter; 1:100 dilution, 14-4 pg [3H]androstenedione = 50%). The oestradiol antiserum (Group IV) exhibited 7-9 ± 3-2%, 55-1 ± 5-9% and 39-6 ± 2-6% binding (1:100 dilution; 9-5 pg [3H]oestradiol = 50%). Cross-reactivity of the pooled antisera from animals immunized against anti-androstenedione (1:100 dilution; 15-7% binding) and anti-oestradiol (1:1000 dilution; 17-6% binding) is listed in Table 1 . Scatchard analysis of antiserum demonstrated an average (range) 54-0 ± 31-0 ± 34-1 ± 4-l%t 45-3 ± 4-3%t 175-6 ± 611 347-6 ± 171-6 Values are mean ± s.e.m. for the no. of animals indicated in (Scaramuzzi et ai, 1977 ; Van Look et ai, 1978; Scaramuzzi et ai, 1980a) . Immunization against androstenedione increases the frequency of luteinizing hormone (LH) discharges and mean levels of LH in ewes (Martensz, Baird, Scaramuzzi & Van Look, 1976) in conjunction with increasing the number of follicles > 3 mm in diameter and ovulation rate (Scaramuzzi et ai, 1980a) . A lack of significant differences in peripheral androstenedione or oestrogen concentrations between immunized (Groups III and IV) and control (Groups I and II) heifers in this study may be related to the relatively low titres (1:100 and 1:1000) acquired in the short immunization period (< 150 days). The higher blood levels of steroids noted in ewes immunized against androstenedione or oestradiol is probably related to the high titres achieved (1:10 000; Martensz et ai, 1979; Scaramuzzi et ai, 1980a) . There are considerable differences in response of animals to active immunization procedures and these are not always related to high or low titres. At the titres noted in the antiandrostenedione group (mean = 16% binding at 1:100 dilution), ovulation was increased 29% and the number of non-pregnant heifers was not different from that in the controls. Intermediate titres of 1:100-1:1000 can increase ovulation rate and avoid side effects leading to infertility in lamb flocks (Martin, Scaramuzzi, Cox & Gherardi, 1979 Little is known of the physiological function(s) of ovarian androgens in the ewe (Baird, 1978) or cow (Wise et ai, 1982b) , but it has been suggested that ovarian androgens increase the rate of follicular atresia (Louvet, Harman, Schreiber & Ross, 1975; Saiduddin & Zassenhaus, 1978; Bagnell, Mills, Costoff & Mahesh, 1982; Ware, 1982) . Binding of androgens by the antibody in the follicle (follicular fluid) may help to reduce the rate of atresia and increase the pool of follicles developing to the ovulatory stage by alteration of the intraovarian concentrations of androgens. Follicular anti-androstenedione may decrease the effects of androgen on granulosa inhibin production (Henderson & Franchimont, 1983) which would subsequently allow an overall increased stimulation of follicular development by gonadotrophins. Alternatively, the presence of the antibody in follicular fluid may produce even higher concentrations of follicular steroid concentrations. A possible functional significance has been attributed to binding proteins naturally found in the follicle in relation to the retention of steroids (Edwards, 1974; Fleming & McGaughey, 1982) . In actively immunized animals, the increased ovarian steroid production (oestrogen or androstenedione) may keep pace with the neutralizing capacity of the antibodies, resulting in a reduced, yet still partly effective, free hormone fraction. It is obvious that the mechanism is not as simple as the binding of antibody and elimination of circulating steroids (Martin, Scaramuzzi & Henstridge, 1983) . There is also a marked difference in the effects on the ovarian hypothalamic feedback system in relation to whether immunization is against oestrone or oestradiol and androstenedione or testosterone Scaramuzzi, Baird, Martensz, Turnbull & Van Look, 1981; Cox, Wilson, Scaramuzzi, Hoskinson, George & Bindon, 1982 in conjunction with increased LH stimulation of steroidogenic activity. Although there was a trend for CL weight and progesterone levels to be higher in the animals of this study immunized against androstenedione and oestradiol, no significant differences were noted when compared to controls.
Contrary to the increased ovulation rate noted in sheep immunized against oestrogens (Smith et ai, 1981) and the anovulatory response noted by Martin et ai (1978) (Ferin et ai, 1974; Hillier, Groom, Boyns & Cameron, 1975) and animals immunized against oestradiol can still maintain pregnancy (Ferin, Raziano, Tempone & Vande Wiele, 1970 ; Csapo, Dray & Erdos, 1975 ; Kaushansky, Bauminger, Koch & Linder, 1977; Nieschlag & Wickings, 1978) . Oestrogens have been reported to be higher in animals with higher titres in that they may be unavailable for clearance (Sundaram et ai, 1973) or ovarian output of oestrogens is increased because of decreased feedback effects on gonadotrophins (Pantera/., 1978; Rawlings et ai, 1978; Martensz et ai, 1979; Scaramuzzi, Martensz & Van Look, 1980b 
